Introduction
The production of spermatozoa in mammals is dependent on gonadotrophic and steroid hormones, but little is known about the precise action of these hormones on spermatogenesis or the transport of spermatozoa (Steinberger, 1971) . We have recently demonstrated that oestradiol benzoate and testosterone propionate have marked effects on the rate of sperm transport through the epididymis (Meistrich, Hughes & Bruce, 1975) . In the present study we analysed the effects of these hormones on spermatogenesis by microscopic, kinetic and biochemical techniques.
Materials and Methods
The mice used were Fi hybrids of C57BL? C3HçJ from Cumberland View Farms, Clinton, Tennes¬ see. Males were housed in groups of 5/plastic cage and a pelleted diet and water were always available.
Hormone treatments were started at 8-10 weeks of age.
Oestradiol benzoate (Oestroform: BDH, Toronto, Canada) and testosterone propionate (Perandren: Ciba, Dorval, Quebec, Canada) were injected i.m. into the leg in a volume of 005 ml sesame oil. Control mice group received sesame oil only. The experimental mice received 10 pg oestradiol benzoate/day (Group 1), 10 pg oestradiol benzoate + 80 pg testosterone propionate/day (Group 2) or 80 pg testosterone propionate/day (Group 3). There were differences in the duration of treatment in different experiments as indicated in the 'Results'. Testes were fixed in Zenker-formol for 4 h, embedded in paraffin wax and stained with periodic acid-Schiff reagent (PAS) (Lam & Bruce, 1971) .
Total lactate dehydrogenase (LDH) activity and the activity of the X-isoenzyme (LDH-X) were assayed by using 3 10~4 M-pyruvate and 3 10~5 --ketovalerate respectively as substrates (Goldberg & Hawtrey, 1967) .
Suspensions of testicular cells were prepared mechanically in phosphate-buffered saline (PBS) as described by Lam, Furrer & Bruce (1970) or by incubating minced testicular tissue with trypsin and DNase (Meistrich, 1972) . Cells were counted in a haemocytometer using phase-contrast optics and those which possessed elongated nuclei and flagella, i.e. late spermatids or testicular spermatozoa in steps 10-16 of development (Oakberg, 1956) , were classified as 'spermatozoa' (Meistrich, 1972) . The cell types were separated by the Staput method of velocity sedimentation at unit gravity (Lam et ai, 1970) . In each run 2 IO7 cells were allowed to sediment for 4 h at 4°C through a 1-3 % BSA (Frac¬ tion V, Grade: Calbiochem, La Jolla, U.S.A.) gradient in the Staput chamber. Fractions were collected from the bottom of the chamber and the radioactivity in cells was determined (Meistrich, 1972) .
Trypsin-resistant 'sperm' nuclei were prepared from testes as follows. After removal of the testicu¬ lar capsule, the testes were homogenized in distilled water in a Virtis blender and then allowed to remain at room temperature for 1 h. The homogenate was centrifuged twice (1000 g, 10 min), resuspended in 0-25 % (w/v) trypsin in 0015 M-NaCl, incubated with agitation for 15 min at 37°C and then centrifuged (1000 g, 5 min).
Sonication-resistant 'sperm' nuclei were prepared by dispersing the testis in distilled water using a Polytron homogenizer, sonicating and filtering through 10 pm cloth as described previously (Meistrich, Reid & Barcellona, 1976 and bulbourethral glands) in the weights of all accessory sexual organs but not the testis. The weights of epididymides, preputial glands, ventral prostate, bulbocavernosus muscles, bulbourethral glands and vesicular glands of the Group 2 animals were significantly ( < 001) higher than those of control mice, but there was a slight (8 %) reduction in testis weight ( < 005). Counts of spermatozoa from the epididymis and vas deferens indicated that all animals qualitatively responded to the hormonal treatments as described previously (Meistrich et ai, 1975) . In the testes of control and oestradioltreated mice, the Leydig cells consisted of a large area of PAS-stained cytoplasm and a spherical or ovoid nucleus with chromatin condensed along the nuclear membrane and one or two nucleoli. Treatment with testosterone propionate, with or without oestradiol, produced changes in the mor¬ phology of the Leydig cells and caused atrophy of the nuclei and cytoplasm, the former becoming irregular in shape.
Within the seminiferous epithelium, there were no apparent differences in cell morphology or (Table 2) . However, the yield of 'spermatozoa' from the testes of Group 1 animals was reduced in mechanically prepared but not in trypsin-prepared cell suspensions or in 'sperm' nuclei prepared by the two methods described. A slight reduction in the number of 'sperm' nuclei was observed with testosterone treatment (Groups 2 and 3). (Meistrich, 1972; Meistrich & Eng, 1972; Meistrich, Bruce & Clermont, 1973) : s = 2-1, S-phase, spermatogonial nuclei; s= 1-5, G^phase spermatogonial or preleptotene spermatocyte nuclei; s = 6-2, s = 7-3, s=8-0, early and mid-pachytene spermatocytes ; s => 9-7 late pachytene spermatocytes ; s = 2-4, pachytene sperm¬ atocyte nuclei; j = 6-4, secondary spermatocytes; s = 4-4, round spermatids; s= 1-1, spermatid nuclei; i = 40, step 11-13 spermatids; s = 0-7 'spermatozoa'. fig. 1 ). The distributions obtained with the treated animals had almost identical profiles to those obtained from untreated mice of the same strain (Lam et ai, 1970) . The radioactivity profiles and shifts in sedimentation rates were equivalent in Groups 1 and 2 until Day 20. There was a reproducible reduction in the activity in the 'sperm' peak (s = 0-7 mm/h) in Group 1 mice at 22 days which was consistent with the lower yield of intact 'sperm¬ atozoa' in these mechanically prepared suspensions (Table 2) .
Biochemical studies. There were no differences (P > 005) in the activities of lactate dehydrogenase and its X-isoenzyme or in the synthesis of protamine in the testicular cell suspensions of mice in Groups 0,1 and 2 (Table 3 ). There was no significant hormonal effect (P > 005) on the incorporation of cysteine or arginine into labelled macromolecules included in newly formed trypsin-resistant 'sperm' nuclei (Table 3) .
Discussion
When mice of the BC3F! strain are treated with oestradiol benzoate there is only a slight effect on the seminiferous epithelium, although there are reductions in the weights of the accessory sex organs and in the transit time of spermatozoa through the epididymis. After treatment with oestradiol benzoate + testosterone propionate, the seminiferous epithelium is essentially unaffected, but the accessory organs are larger than normal and the epididymal transit time is intermediate between that of control mice and those treated with oestradiol benzoate only.
The lack of any marked effect of these two hormonal treatments on the seminiferous epithelium was demonstrated by a variety of criteria. (1) The microscopic appearance and cell associations in the tubules were unchanged, including the stage at which spermiation occurred, known to be affected by LH in the hamster (Vitale-Calpe & Burgos, 1970) and genetic factors in the mouse (Bruce et ai, 1973) . (2) The testicular weight, levels of thymidine incorporation and numbers of cells obtained in suspensions were unaffected. (3) Kinetic studies showed that the rate of cell progression through meiosis and spermiogenesis was unchanged, as previously shown in rats (Desclin & Ortavant, 1963 ; Clermont & Harvey, 1965; Go, Vernon & Fritz, 1971) . (4) (Patanelli & Nelson, 1964; Steinberger, 1971) . In mice, the blocking of spermatogenesis by oestrogen treatment depends on the strain : diethylstilboestrol blocks spermiogenesis in C3H mice, but not in BALB/c mice (Shimkin, Smith, Shimkin & Andervont, 1962) , while oestradiol benzoate, at doses of less than 10 pg/day, does not affect spermatogenesis in A mice (Hooker & Pfeiffer, 1942) , but does disrupt it in albino (Emmens, 1950) and CFW (Davies, Courot & Gersham, 1974) , animals. Oestrogen treatment produced interstitial cell hyperplasia in A and BALB/c mice, but had no effect on the interstitial cells of C3H mice (Hooker & Pfeiffer, 1942; Huseby, Domínguez & Samuels, 1961 ; Shimkin et ai, 1962 
